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Abstract
Basically, the energy distribution of bottom-flavored hadrons produced through polarized top quark 
decays t (↑) → W+ + b(→ Xb), is governed by the unpolarized rate and the polar and the azimuthal 
correlation functions which are related to the density matrix elements of the decay t (↑) → bW+. Here we 
present, for the first time, the analytical expressions for the O(αs ) radiative corrections to the differential 
azimuthal decay rates of the partonic process t (↑) → b + W+ in two helicity systems, which are needed 
to study the azimuthal distribution of the energy spectrum of the hadrons produced in polarized top decays. 
These spin-momentum correlations between the top quark spin and its decay product momenta will allow 
the detailed studies of the top decay mechanism. Our predictions of the hadron energy distributions also 
enable us to deepen our knowledge of the hadronization process and to test the universality and scaling 
violations of the bottom-flavored meson fragmentation functions.
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In the standard model (SM), the top quark has a short lifetime (≈ 0.5 × 10−24s [1]) so decays 
rapidly before hadronization takes place. If it was not for the confinement of color, the top quark 
could be considered as a free particle and due to its large mass one can safely describe its decay in 
perturbative theory. In fact, at the top mass scale the strong coupling constant is small, αs(mt ) ≈
0.107, so that all QCD effects involving the top quark are well behaved in the perturbative sense. 
Due to the Cabibbo–Kobayashi–Maskawa (CKM) mixing matrix element |Vtb| ≈ 1 [2], at the 
lowest order the decay width of the top quark is almost exclusively dominated by the two-body 
channel; t → bW+. As it is well known, bottom quarks produced hadronize before they decay 
(b → Xb + jets), so each Xb-jet contains a bottom-flavored hadron which most of the times 
is a B-meson. The bottom hadronization is indeed one of the largest sources of uncertainty in 
the measurement of the mass of top quark at the CERN Large Hadron Collider (LHC) [3] and 
the Tevatron [4], as it contributes to the Monte Carlo systematics. The LHC is a superlative 
top factory, which allows us to carry out precision tests of the SM and, specifically, a precise 
measurement of the top quark properties such as its mass mt , total decay width t and branching 
fractions.
At the LHC, of particular interest is the distribution in the energy of meson produced in the 
top quark rest frame, so the local CMS group is now working on a determination of the top quark 
mass from a detailed study of the B-meson decays. The energy distribution of mesons can also 
provide direct access to the meson fragmentation functions (FFs).
In [5], we studied both the B-meson energy distribution produced from unpolarized top decays 
and the angular distribution of the W-boson decay products in the decay chain t → bW+ →
Bl+νl + X.
Since the life time of the top quark is much shorter than the typical time needed for the QCD 
interactions to randomize its spin, therefore its full polarization content is preserved and passes 
on to its decay products. Hence, the polarization of the top quark will reveal itself in the angular 
decay distribution and can be studied through the angular correlations between the direction of 
the top quark spin and the momenta of the decay products, W+-boson and b-quark. In [6], we 
studied the O(αs) angular distribution of the scaled energy of the B/D-hadrons, by calculating the 
polar angular correlation in the rest frame decay of a polarized top quark into a stable W+-boson 
and B/D-hadrons. We analyzed this angular correlation in a helicity coordinate system (system 1) 
where the event plane, including the top and its decay products, is defined in the (x, z) plane with 
the z-axes along the bottom quark momentum (see Fig. 1). In this system the top polarization 
vector ( Pt ) was evaluated with respect to the direction of the bottom quark momentum ( pb). 
In [7], we analyzed the same distribution in a different coordinate system (system 2) where, as in 
[6] the event plane is the (x, z) plane but the W+-boson momentum ( pW ) is orientated along the 
z-axes (see Fig. 2). However, this selection makes the calculations so complicated but it provides 
independent probe of the polarized top quark decay dynamics.
Basically, to define the planes we need to measure the momentum directions of the momenta 
pb and pW and the polarization direction of the top quark, where the evaluation of the momentum 
direction of pb requires the use of a jet finding algorithm. The top spin direction must be obtained 
from theoretical input. For example, in e+e− interactions the polarization degree of the top can 
be tuned with the help of polarized beams [8], so that a polarized linear e+e− collider may be 
considered as a copious source of close to zero and close to 100% polarized tops.
The azimuthal correlations between the event plane and the intersecting ones to this plane, 
evaluated in two aforementioned helicity systems, belong to a class of polarization observables 
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SM, so that the non-zero contributions can arise from higher order radiative corrections.
To analyze the azimuthal correlations in the polarized top rest frame, we study the azimuthal 
distribution of the scaled energy of B-hadrons at the process t (↑) → BW+ at the next-to-leading-
order (NLO), by calculating the azimuthal decay distribution of a polarized top quark in the 
partonic process t (↑) → bW+(+g) in the two mentioned coordinate systems. For the nonpertur-
bative part of the process (b, g → B + X), from Ref. [9] we apply the realistic (b, g) → B FFs 
obtained through a global fit to e+e− data from CERN LEP1 and SLAC SLC.
Due to the zero result for the LO contribution, the azimuthal decay rate up to NLO will be 
small. Then, it seems that the measurement or a bound on the aforementioned azimuthal corre-
lations will be difficult, but since highly polarized top quarks with more accuracy will become 
available at higher luminosity hadron colliders through single top production processes [10], it 
may then be feasible to experimentally measure the azimuthal correlations through the energy 
distribution of B-hadron produced through top decays. These measurements will be also impor-
tant to deepen our understanding of the nonperturbative aspects of B-hadrons formation and to 
test the universality and scaling violations of the B-hadron FFs.
This paper is structured as follows. In Sec. 2, we introduce the angular rate structure by defin-
ing the technical details of our calculations. In Sec. 3, our analytic results for the O(αs) QCD 
corrections to the azimuthal distributions of partial decay rates are presented. In Sec. 4, we shall 
make our predictions of energy distribution of B-hadrons and present our numerical analysis. In 
Sec. 5, our conclusions are summarized.
2. Angular structure of partial decay rate
In the current-induced t → b transition, the dynamics of the process is embodied in the hadron 
tensor Hμν ∝ ∑X 〈t |Jμ†|X〉 〈X|J ν |t〉, where the SM current combination is given by Jμ =
JVμ − JAμ . Here, the left-chiral components of the weak current are given by JVμ ∝ ψ¯bγμψt and 
JAμ ∝ ψ¯bγμγ5ψt . In the transition t → bW+(+g), the intermediate states are |X> = |b(pb)>
for the Born term and virtual contributions and |X> = |b + g> for the O(αs) real contributions.
The general angular distribution of the differential decay width d/dx of a polarized top 
quark decaying into a jet Xb with bottom quantum numbers and a W+ boson is expressed by the 
following form [11]
d
dxid cos θP dφP
= 1
4π
{
dA
dxi
+ P dB
dxi
cos θP + P dC
dxi
sin θP cosφP
}
, (1)
where the polar and azimuthal angles θP and φP show the orientation of the plane including the 
spin of the top quark relative to the event plane (Figs. 1 and 2) and P is the magnitude of the 
top quark polarization, so P = 0 stands for an unpolarized top quark while P = 1 corresponds 
to 100% top quark polarization. In the notation above, dA/dx corresponds to the unpolarized 
differential decay rate while dB/dx and dC/dx describe the polar and azimuthal correlation 
between the polarization of the top quark and its decay products, respectively.
We shall follow the notation of [5], where the partonic scaled energy fraction xi is defined as
xi = 2pi · pt
m2t
, (i = b,g). (2)
As we demonstrated in [5], the finite-mb corrections are rather small and thus to study the scaled 
energy distributions of the B-meson, we employ the massless scheme or zero-mass variable-
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of the top quark.
Fig. 2. As in Fig. 1, but in the second coordinate system.
flavor-number (ZM-VFN) scheme [12] in the top quark rest frame, where the zero mass parton 
approximation is also applied to the bottom quark. The non-zero value of the b-quark mass 
only enter through the initial condition of the nonperturbative FFs. Nonperturbative FFs are 
describing the hadronization processes (b, g) → Xb and are subject to Dokshitzer–Gribov–
Lipatov–Alteralli–Parisi (DGLAP) evolution [13].
By the zero mass approximation, one has 0 ≤ xi ≤ 1 − ω where ω = m2W/m2t . Throughout 
this manuscript, we apply the normalized partonic energy fraction as
xi = 2Ei
mt(1 − ω), (3)
where Ei refers to the energy of outgoing partons (bottom or gluon) and 0 ≤ xi ≤ 1.
In our previous work [5], the NLO radiative corrections to the unpolarized differential rate 
dA/dxi for two cases mb = 0 and mb = 0, have been studied where the results were in the 
complete agreement with the results presented in [14]. In [6,7] we studied the polar differential 
rates dB/dxi in two possible helicity systems, extensively. In the present work, we analytically 
calculate the O(αs) radiative corrections to the azimuthal correlation function dC/dxi in both 
helicity systems, which have not been done before. Finally, at the hadron level we shall present 
and compare our predictions for the energy distribution of B-mesons in two coordinate systems 1 
and 2, considering all contributions.
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For the O(αs) analysis of the spin-momentum correlations between the polarization vector of 
the top quark and the momenta of its decay products, there are two different choices of coordinate 
systems (Figs. 1 and 2) where the momenta of the b-quark and the W+ boson are defined as
System 1: pb||zˆ; ( pW)x ≥ 0
System 2: pW ||zˆ; ( pb)x ≥ 0 (4)
These various helicity systems provide independent probes of the polarized top quark decay 
dynamics. As we shall see later on, the LO azimuthal correlation is zero in both systems and the 
non-zero contribution arises from the radiative corrections.
For the unpolarized rate dA/dx one sums over the spin of the top quark by applying the en-
ergy projection operator +(pt ) =∑st u(pt , st )u¯(pt , st ) = (/pt + mt), while one preserves the 
polarization four-vector of the top for the polarized helicity structure functions. When calculat-
ing the polarized differential rates from the relevant Dirac trace expressions one has to replace 
(/pt +mt) in the unpolarized Dirac string by (/pt +mt)(1 + γ5/st ), where st denotes the polariza-
tion four-vector of the top quark.
In the following, we explain the technical details of our calculation for the NLO radiative 
corrections to the tree-level decay rate of t (↑) → bW .
3.1. Born term results
Considering the process t (pt ) → b(pb) +W+(pW ), it is straightforward to calculate the Born 
term contribution to its decay rate. In the rest frame of the top quark, the four-momentum of the 
top quark is set to pt = (mt ; 0) and the polarization four-vector of the top quark is set as st =
P(0; sin θP cosφP , sin θP sinφP , cos θP ), where P is the top polarization degree (0 ≤ P ≤ 1).
Considering the coordinate system 1 at the Born level, where pb||zˆ and pW ||(−zˆ), we set 
the four-momentum of the b-quark as pb = Eb(1; 0, 0, 1) and in the system 2, it is pb =
Eb(1; 0, 0, −1) where the three-momentum of the W+ boson is defined along the positive z-axis, 
i.e. pW ||zˆ and pb||(−zˆ). Since st · pb = −PEb cos θP in the system 1 and st · pb = PEb cos θP
in the system 2, thus the Born term helicity structure of partial rates, reads
d2(0)
d cos θP dφP
= 1
4π
{

(0)
A ∓ P(0)B cos θP + P(0)C sin θP cosφP
}
, (5)
where

(0)
A =
mtαW
16ω sin2 θW
(1 + 2ω)(1 − ω)2,

(0)
B =
mtαW
16ω sin2 θW
(1 − 2ω)(1 − ω)2,

(0)
C = 0. (6)
Here, ω = m2W/m2t and θW is the weak mixing angle and αW is the tiny structure constant. These 
results are in complete agreement with the expressions in [15,16].
The fact that (0)C = 0 means that the azimuthal correlation measurement has zero analyzing
power to analyze the polarization of the top quark. Since the non-zero contributions can arise 
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azimuthal correlation one needs to determine the NLO QCD corrections.
Another example of a LO zero polarization observable can be found in the decay process 
t → bl+νl [5]. In [5], we showed that the decay rate of an unpolarized top quark into a polarized 
transverse-plus W boson and a (massless) bottom quark leads to the contribution zero at the Born 
level due to the left-chiral (V-A) coupling structure of the SM. However, if one takes a massive 
b-quark into the calculations, this contribution is no longer zero but the LO result obtained for 
C does not depend on the mass of the bottom quark and the non-zero contributions just arise 
from the NLO corrections.
3.2. QCD NLO contribution to the azimuthal differential decay rate dc/dxi
Generally, the required ingredients for the NLO perturbative calculation are the virtual one-
loop and the tree-graph (real emission) contributions. Therefore, at O(αs), the full amplitude is 
the sum of the amplitudes of the Born term M0, virtual one-loop M(αs)loop and the real contributions 
M
(
√
αs)
real , so that the NLO decay amplitude squared is
|M|2 = |M0|2 + |Mvir|2 + |Mreal|2 +O(α2s ), (7)
where |Mvir|2 = 2M†0 · Mloop and |Mreal|2 = M†real · Mreal.
Since, in both helicity systems the relevant scalar products at LO, are
pt · st = 0,
pt · pb = mtEb,
pb · st = ∓PEb cos θP , (8)
then, for the azimuthal correlation Born amplitude one has M0 = 0, and in conclusion (0)C = 0
(6) and |Mvir|2 = 0. Therefore, the virtual one-loop corrections are contributed in the unpolarized 
rate (A) and the polar correlation function (B ) [6,7], while the azimuthal one (C) does not 
have any contribution from the virtual corrections. Hence, the O(αs) radiative corrections for the
azimuthal correlation function (C) just result from the real gluon emissions. So, each diagram 
has the infrared (IR) singularities which arise from both collinear and soft treatment of the real 
emitted gluons.
By working in the massless scheme where mb = 0, for the corresponding real amplitude 
squared one has
|Mreal|2 = −π
2CFαWαs
4 sin2 θW
(−gμν + p
μ
W .p
ν
W
m2W
) ×
{
F1
(pt · pg)2 +
F2
(pb · pg)2 −
2F3
(pt · pg)(pb · pg)
}
, (9)
where αs is the strong coupling constant and CF = 4/3 stands for the color factor, and
F1 = Tr[/pbγμ(1−γ5)(mt +/pt −/pg)γ β(/pt +mt)(1+γ5/st )γβ(mt +/pt − /pg)(1+γ5)γν],
F2 = Tr[/pbγ β(/pb + /pg)γμ(1 − γ5)(mt + /pt )(1 + γ5/st )(1 + γ5)γν(/pb + /pg)γβ ],
F3 = Tr[/pbγμ(1 − γ5)(mt + /pt − /pg)γ β(mt + /pt )(1 + γ5/st )(1 + γ5)γν(/pb + /pg)γβ ].
(10)
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differential decay rate for the real contribution is given by
d = μ
2(4−D)
F
2mt
|Mreal|2dR3(pt ,pb,pg,pW ), (11)
where, μF is an arbitrary reference mass and the 3-body phase space element dR3 reads
dD−1pb
2Eb
dD−1pW
2EW
dD−1pg
2Eg
(2π)3−2DδD(pt −
∑
g,b,W
pf ). (12)
Here, dD−1|p| = | p|D−2d| p|d where the angular integral in D-dimensions will have to be 
written as
d
dφP d cos θP
= − π
D−3
2
(D−32 )
(sin θP )D−4(sinφP )D−4. (13)
Considering the general form of the angular decay distribution (1), the unpolarized differential 
decay rate dA/dx is independent of the applied helicity system but the polar distribution of 
decay width (dB/dx) depends on the various choices of possible coordinate systems [6,7]. In 
the following we will concentrate on the differential azimuthal correlation function dC/dx, 
considering both helicity coordinate systems.
In the system 1, the relevant scalar products are
pg · st = −PEg(sin θgb sin θ1P cosφ1P + cos θgb cos θ1P ),
pg · pb = EgEb(1 − cos θgb),
pb · st = −PEb cos θ1P , (14)
where θgb is the polar angle between the gluon and the bottom quark momenta in the event plane, 
so cos θgb = (m2t − m2W − 2mt(Eb + Eg) + 2EbEg)/(2EbEg).
To calculate the dC/dxb, in (11) we fix the momentum of the b-quark and integrate over the 
gluon energy, which ranges as
mtS(1 − xb) ≤ Eg ≤ mtS(1 − xb)1 − 2Sxb , (15)
where S = (1 − ω)/2. Therefore, one has
d1C
dxb
= (0)B
αsCF
2(1 − ω)(1 − 2ω)
{
2(ω − 1)(1 + 2ω)xb + 8 − (1 − ω)(1 − 2ω)
− 4(1 + ω)
xb
+ (1 − xb)(1 − ω)
(1 − xb(1 − ω)) 32
[
−(1 − ω)2x2b + 4
1 + ω
(1 − ω)xb
+ (1 − ω)(7ω + 5)xb − 2(4 + 5ω)
]}
, (16)
where xb is defined in (3).
Since the observed mesons in top quark decays can be also produced through a fragmenting 
real gluon, therefore, to obtain the most accurate energy distribution of the B-meson one has to 
add the contribution of gluon fragmentation to the b-quark one. In [6], it is shown that the gluon 
contribution can be important at a low energy of the detected meson so that this contribution 
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systems [5], and the analytical expression for the d1B/dxg in the helicity system 1 is presented 
in [6] and the d2B/dxg is given in [7], where xg is defined in (3). In the coordinate system 1, 
the azimuthal differential width d/dxg reads
d1C
dxg
= (0)B
αsCF
(1 − ω)(1 − 2ω)
{
4(1 − ω)xg − 8 + 6ω + 2(1 + ω)
xg
+ 1 − 2ω
x2g
+ 1
4(1 − xg(1 − ω)) 32
[
−7(1 − ω)3x3g − 2(1 − ω)2(5ω − 19)x2g
− (9ω3 + 19ω2 − 93ω + 65)xg − 4(1 − 2ω)
x2g
+ 2(2ω3 − 13ω2 − 5ω + 20)
+ 2(6ω
2 − 13ω − 1)
xg
]}
. (17)
In the helicity coordinate system 2, the relevant scalar products are
pg · st = PEg(sin θgW sin θ2P cosφ2P − cos θgW cos θ2P ),
pb · st = PEb(sin θbW sin θ2P cosφ2P − cos θbW cos θ2P ),
pg · pW = mt(EW + Eg) − m
2
t + m2W
2
,
pb · pW = mt(EW + Eb) − m
2
t + m2W
2
,
pW · st = −P | pW | cos θ2P , (18)
and pt · st = 0. Here, θbW is the polar angle between the b-quark momentum and the W boson 
(z-axis), so that
cos θbW = m
2
t + m2W − 2mt(Eb + EW) + 2EbEW
2EbpW
, (19)
and θgW is the angle between the gluon and the W boson, then one has
cos θgW = m
2
t + m2W − 2mt(EW + Eg) + 2EWEg
2EgpW
, (20)
where pW =
√
E2W − m2W .
As before, to calculate the azimuthal differential rate dC/dxb, in (11) we fix the momentum 
of the b-quark but we integrate over the energy of the W boson, which ranges as mt(ω + [1 −
2Sxb]2)/(2(1 − 2Sxb)) ≤ Eg ≤ mt(1 − S). Therefore, in the coordinate system 2 the azimuthal 
differential width dC/dxb is expressed as
d2C
dxb
= (0)B
αsCF
2(2 − (1 − ω)xb)2(1 − ω)(1 − 2ω)
{
x2b(1 − ω)2(2ω2 − 3ω − 3) + 4ω3
+ 22ω2 − 16ω − 2 + 2xb(1 − ω)(−6ω2 + 7ω + 3)
− 2
√
ω + (1 − xb(1 − ω))2 [
x2b(1 − ω)2(2ω − 1) + 2xb(ω − 1)(2ω2 + 4ω − 1)1 + ω
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]
+ 8ω(2 − xb(1 − ω))2
√
1 − xb(1 − ω)
}
, (21)
and for the gluon one, we have
d2C
dxg
= (0)B
αsCF
(1 − ω)(1 − 2ω)
{
1
2xg
√
1 − xg(1 − ω)
[
ω(1 − x2g) − (1 − 2ω2)(1 − xg)2
]
+
(√ω + (1 − xg(1 − ω))2
1 + ω −
√
1 − xg(1 − ω)
)
×
[
2ω − 1 − (1 + ω)
2(1 − 2ω)
x2g(1 − ω)2
+ 2(1 + 2ω
2)
xg(1 − ω)
]}
. (22)
4. Numerical analysis
By determining the differential decay rates in the parton level, in the first step we turn to 
our numerical predictions of the unpolarized and polarized decay rates by integrating d/dxb
over xb(0 ≤ xb ≤ 1), while the strong coupling constant is evolved from αs(mZ) = 0.1184 to 
αs(mt ) = 0.1070. By combining our results for the differential azimuthal correlation functions 
(Eqs. (16) and (21)) with the results obtained for the unpolarized rate [5] and the polar correlation 
rate in the system 1 [6], one has
dNLO1
dφ1P d cos θ1P
= 1
4π
{

(0)
A (1 − 0.08542)
− (0)B (1 − 0.1303)P cos θ1P
− (0)B (−0.0839)P sin θ1P cosφ1P
}
= 
NLO
A
4π
{
1 − 0.3777P cos θ1P
+ 0.0364P sin θ1P cosφ1P
}
, (23)
and by considering the polar correlation one in the system 2 [7], one has
dNLO2
dφ2P d cos θ2P
= 1
4π
{

(0)
A (1 − 0.08542)
+ (0)B (1 − 0.2814)P cos θ2P
− (0)B (−0.01446)P sin θ2P cosφ2P
}
= 
NLO
A
4π
{
1 + 0.3121P cos θ2P
+ 0.0063P sin θ2P cosφ2P
}
, (24)
where (0)A = 1.4705 and (0)B = 0.5841 if one sets mW = 80.399 GeV, mt = 172.98 GeV and 
sin2 θW = 0.2312 [17]. As it is seen, in the first helicity system the radiative corrections to the 
unpolarized and polarized rate functions range from 8.3% to 13%. Specifically, the corrections 
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close in magnitude. In the second system, the radiative corrections range from 1.4% to 28% and 
all go in the same direction. The polar analyzing power is almost the same in both systems by 
the radiative corrections, i.e. 37% in the first system and 31% in the second one. Nevertheless, 
the azimuthal correlation generated by the radiative corrections is quite small, which is a conse-
quence of the left-chiral (V-A)(V-A) nature of the current-current interaction in the SM which 
leads to the result zero for the LO contribution.
For the decay process t (↑) → bl+νl , in [11] the authors have shown that the radiative correc-
tions to the function C is also quite small and any violation of the SM (V-A) current structure 
in the azimuthal correlation function which exceed the 1% level must have a non-SM origin.
In the last step, we present our phenomenological results for the energy spectrum d/dxB
of the B-meson, where we define the normalized energy fraction of the B-meson as xB =
2EB/(mt (1 − ω)) (see Eq. (3)).
According to the factorization theorem of the QCD-improved parton model [18], the energy 
distribution of B-meson can be expressed as the convolution of the parton-level spectrum d/dxi
with the nonperturbative fragmentation functions DBi (z, μF ) as
d
dxB
=
∑
i=b,g
d
dxi
(μR,μF ) ⊗ DBi (
xB
xi
,μF ). (25)
The integral convolution is defined as (f ⊗ g)(x) = ∫ 1
x
dxf (z)g(x/z). In (25), μF and μR are 
the factorization and the renormalization scales, respectively, that the scale μR is associated with 
the renormalization of the strong coupling constant and a choice often made consists of setting 
μR = μF . As in our previous works, we adopt the convention μR = μF = mt .
In (25), Di(z, μF ) is the nonperturbative FF describing the transition (b, g) → B which is 
process independent. Several models are proposed to describe the nonperturbative transition 
from a parton into a hadron state. Here, following Ref. [9] we employ the B-meson FF deter-
mined at NLO in the ZM-VFN scheme and obtained by fitting the experimental data from the 
ALEPH and OPAL Collaborations at CERN LEP1 and by SLD at SLAC SLC. Authors in [9]
have parametrized the z distribution of the b → B FF at the initial scale μ0 = mb = 4.5 GeV in 
a specific model (so-called Power model) as
DBb (z,μ0) = Nzα(1 − z)β, (26)
while the gluon FF is set to zero at the starting scale and is evolved to higher scales using the 
DGLAP equations [13]. Their results for the fit parameters at the initial scale are N = 4684.1, 
α = 16.87 and β = 2.628 with χ2 = 1.495. In Fig. 3, the behavior of g → B and b → B FFs at 
the scale μF = mt are shown. As seen, the main contribution of hadronization arises from the 
b-quark fragmentation and the contribution of fragmenting gluon is important at a low energy 
of the detected meson so that this contribution decreases the size of decay rate at the threshold 
energy.
Following Ref. [17], as numerical input values we take mW = 80.339 GeV, mb = 4.78 GeV, 
mB = 5.279 GeV and the typical QCD scale (5)MS = 231 MeV. Note that, in the ZM-VFN 
scheme the b-quark mass only enter through the initial condition of the FF.
To study the xB scaled energy distributions of B-mesons, we consider the quantity d(t (↑) →
WB + X)/dxB in the two helicity coordinate systems. In [5,6], we showed that the g → B con-
tribution into the NLO energy spectrum of the B-meson is negative and appreciable only in 
the low-xB region and for higher values of xB the NLO result is practically exhausted by the 
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data using μ0 = 4.5 GeV [9].
Fig. 4. xB distribution of dNLO/dxB in the helicity system 1, considering the unpolarized (dotted line), the polar (solid 
line) and the azimuthal (dashed line) contributions.
b → B contribution. The contribution of the gluon is calculated to see where it contributes 
to d/dxB and can not be discriminated in the meson spectrum as an experimental quan-
tity.
In Fig. 4, we present the xB distribution of d/dxB considering the azimuthal correlation 
(dashed line) in the helicity system 1. For comparison, also the unpolarized (dotted line) and the 
polar (solid line) contributions are shown. As explained in Section 3, the azimuthal correlation is 
prohibited at LO, which explains the smallness of the corresponding result. Note that the thresh-
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old occurs at xB ≥ 2mB/(mt (1 − ω)) = 0.078. In Fig. 5, the same predictions are shown in the 
helicity system 2. Comparison of two figures shows that the azimuthal correlation measurement 
in the first helicity system has higher analyzing power to analyze the polarization of the top 
quark.
In order to describe the nonperturbative fragmentation of a gluon or a bottom quark into a 
B-hadron, we applied the phenomenological model proposed in [9], where the authors claimed 
that this model gives a reliable description of the e+e− data. The idea used is that, since the 
hadronization mechanism is universal and independent of the perturbative process which gen-
erates the heavy quark, one can use the existing data on e+e− → bb¯ events to fit the proposed 
phenomenological models and describe the b-quark nonperturbative fragmentation in other pro-
cesses, such as top decay. No one can assert which model yields the best result. For example, in 
[14] the authors have investigated some hadronization models and showed that the power model 
leads to good descriptions of ALEPH and SLD data and the Peterson model is marginally consis-
tent with the ALEPH results and unable to describe the SLD data and so on for other models. The 
best fit and, in conclusion, the reliable predictions made for the energy distribution of B-hadrons 
in top decays are also dependent on some other improvements such as the implementation of 
NLL soft-gluon resummation in the initial condition of the perturbative FF [14].
These impacts stress the importance of the nonperturbative input to perform reliable pre-
dictions in top decay. Therefore, as an application, by comparing future measurements of the 
unpolarized and polar partial widths at high luminosity hadron colliders with our NLO theo-
retical predictions of the d/dxB , one can exploit the B-hadron FFs independent of the e+e−
annihilation process. And the results on the azimuthal correlation function dC/dxB will be able 
to test the universality and scaling violations of the extracted B-meson FFs.
It will be also very interesting to use the present results to perform predictions of other ob-
servables relying on the b-fragmentation in top decay, such as the invariant mass distributions to 
fit the top mass value. Here we mention that the CMS group is now working on the determination 
of the top quark mass from a detailed study of the decay B-mesons.
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To study the O(αs) spin-dependent energy spectrum of hadrons produced from polarized top 
quark decays t (↑) → BW+ +X, one needs to know the NLO radiative corrections to the angular 
differential decay rates of the process t (↑) → bW+. In our previous works, the unpolarized decay 
rate (dA/dxi ) and the polar correlation one (dB/dxi ) were calculated at the parton-level in 
two different helicity coordinate systems. These various helicity systems provide independent 
probes of the polarized top quark decay dynamics.
Here, by considering two helicity systems we have calculated the O(αs) corrections to the 
differential correlation function (dC/dxi ) which vanishes at the Born term level due to the 
left-chiral coupling structure of the SM. This quantity is required to calculate the xB distribution 
dC/dxB of t (↑) → B + X. Comparing future measurements of the polarized and unpolarized 
partial widths d/dxB at high luminosity hadron colliders with our NLO predictions, one will be 
able to test the universality and scaling violations of the B-meson FFs. These measurements will 
finally be the primary source of information on the B-meson FFs and the azimuthal correlation 
function dC/dxB can also constrain the g → B and b → B FFs even further. It will be also 
possible to carry out precision tests of the SM and, specifically, a precise measurement of the top 
quark mass. Recently, the local CMS group at the LHC started to work on a determination of the 
top quark mass from a detailed study of the B-meson decays.
Our results show that the azimuthal correlation measurement in the first helicity system has
higher analyzing power to analyze the polarization of the top quark, then this system is more 
suitable to probe the polarized top decay dynamics.
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